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This report contains a description of a computer program
for estimating the parameters of a mixtare of multivariate
normal distributions with unknown frequencies, means, and
covariances. The basic equations for the procedure are pre-
sented for the first (ime here, with their derivation omitted.
An example with the results of the computer printout is de-
scribed for an artificially constructed mixture of three
bivariate normal distributions. The method of using the
program and the Fortran listing are detailed in this repert,
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A COMPUTER PROGRAM FOR THE
MAXIMUM LIKELIHOOD ANALYSIS OF TYPES

1 Identification
AX. TYPE
3. Written by John H, Wolfe, January 1963, Revised June, 1964,
C. U.S. Naval Personnel Research Activity, San Diego, California,
D. Coded entriely in FORTRAN II.

II Purpose

Given m scores on each of N individuals drawn from an unknown mix-
ture of multivariate normal distributions, the program gives maximum-
likelihood estimates of the means and covariances vithin each typs, the
relative frequency of each type, and the maximum likelihvod of the sample
for a given number of types.

IIT Restrictions
A. The program uses 14,5545 words in the main program and 47,256
words in COMMON. One input magnetic tape (Unit #3), one output nlgnot!c
tape (Unit #2) and one tape for temporary binary storage (Unit #4) are
required,
B. Restrictions oa Parameters
Numbers of Variables < 5
Number of Types < 6

IV Method
The program solves the maximum-1ikelihood equations by one of four
alternative iteration schemes, depending on a control card option,
Suppose that m measurements have been made on N individuals. Let
xikb° the ithvariablo for individual k. Suppose the populatinn from
which the sample of N individuals is drawn is a mixture of r multivariate
normal distributions. That is, the probability density, £(x), is given

by

fx) » f Ag a, (x) , where { Ag = 3o A 29, and
ss] s=]

5 vz /2 M) o) (xg)

o
% (= .(-lziisﬂr—ld e

i
Here Ay is the relative proporticn of type s in population, Io‘i‘l
is the detorminant of the inverse of the covariance matrix for typ«
s, and M: is the mean of the ith variable for type s,



Let us define gy (x) = ag (x) / £(x). SUBRQUTINE DENSITY calculates
ags £, and g for each individual, Define the ''generalized sample moments"

ps .

{“ijab} as follows:
N

pS

« L
“ijab N

L ik B0 gpN)

If a subscript is omitted or set toc o, the corresponding term on the
right hand side of the equation is omitted, For example

N
U"”i IHP, -L I
ijac ija N Ka® xxkxjkxak gP(xk)
o _ 1 N
and y_ == I 1 = ],
o N k=l

SUBROUTINE MOM:NT computes a table of {uP? )} with b<acj<i and pcs.
ijab 2852 Ps

FUNCTION U (I1, 1J, IA, IB, IP, IS) looks up the correct uf;.b from

the two-dimensional table created by MOMENT, even whon the inequalities
on the indices are not satisfied,

The maximum likelihood estimates of the parameters ure those values
which maximize the function

N

r
L .k§l log f(xk) - u('fl Ag - 1) .

Setting the partial derivatives of the likelihood to zero results in
the tollowing equations:
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The moments {"i;) can also be differentiated as follows:
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Where SP‘ = 1 if p=s
0 otherwise

The derivatives of the moments are computed by

)
u
FUNCTION DERV (II, 1J, IS, IA, IB, IP) = —d ,

P
9 0 ab

P . P . P .,
Where % ME. %0 Ap. and Oab o for asosd,

DERV calls on three functions, ONE, EM, SIG defined as follows:

ONE (IA, IB) = §

ab
. ab
Em ( II, NI, IA, IS, IP) =
( ’ ’ ’ ’ ) b:lo P ("i,b ‘{“ﬁ



€16 (11, 1J, IA, IB, IS, IP) = u‘i’; (d, - Mfug) . Ml:ufi’;b
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The func:ion EM used with s=0 gives the second term in :_“_1_)_

P
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s
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and SIG used with s=0 gives the second term in i! .

a
)
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The maximum likelihood equations {fi;.’ = 0 can be solved in several

ways., One iterative scheme is
Mewton-Raphson iteration, which solves the . inear equations

r m m 3 f P s
T T i A9 a -f
p=1 bal asb —-_p‘L ab i
9 6
ab
p
for a6,y -

P- P p
On the next iteration e.b - o.b . Aoab .

SUBROUTINE NEWTON computes the vector
[

)
. s P-
A(IAT, JAT) ? f”/O O‘b .

B(IAT) = -f1 and the matrix of coefficients

SUBROUTINE MATINV, a standard SUARE routine, solves the linear
equations for Aefb and stores the result in the vector B (IAT).

SUBROUTINE RAPIHSON computes the values of the parameters for the
next iteration First it determines if any of the increments are so large
that )p ¢+ AA_<o or >1. if so, tha incroment vector B is shortened until

no AAP moves AP more than half the interval between Ap and a boundary puint,
1- A

A
P
That is, if Axp<o. Axp:- 72 , and if Mpn, Axp <y— . Arter the M:b



are shortened, they are added to the oid estimates of the parameters
to obtain new cstimates for the next iterations,

The main rovtine also plays a role in shortening the increment
vector. If the new likelihood is less than the previous one, or if
the determinant of one of taz covariance matrices as determired by
RAPHSON is negative, then the increment vector B is shortened to half
its previous value and subroutinc RAPISON is entered again,

Several alternat:ve versions of 1f } can be written,

At the maaimum-likelihiood points

s s s
f = -1 = 0, hence =1,
Uo » C Uo

oo
s s s.S s s s S
: L =y M I ' X . .
t‘o1 = uol1 = by i " 0, hence u " M1

Substituting for u: and u: in tls. e have

L]

£5 2 5.5 o Ms .
1) 1) 1)

Wnen METH = 1 on the contro) card, the subroutine NEWT: X iter-
atively solves the zquations

"
“w
»

u:‘l'o.

-] S
1501 " W M

s .
5 j MilJ 0.

When METH = 2, subroutine NLHTON solves tho oriynal set of equa-
tions, horcafter referred to as (2 1, s 0)

When METH = 3, the equations used are
£93 ll/u (,f£2) s} - A/u
2 oc o ‘2700 0.

[ s s s, s )
Sfol 'l/”o (Zfoi) " "i/"o ° Mi - 0.

s 3 3,9 H
inj 1/\10 (2 11 - hiJ - Mi ujlvo . M; U‘ (oij ":M ) = 0,



All threc types of equations have the same solutions but their radii
of convergence may differ,

Fer METH = 2,

tire function {2fi§} can be summarized in the following formula:

-] - s - . - ) - \ S S - S S
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flic partial derivatives of fij arc then easily written as
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where o<j<i:m and o<bcacm,

The above formulas arc used in METH =« 2, If METH = 1, the functions

S L] S
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55
1fiy = vy ij * MMy

are summarized by the formulas
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s .S, K
The functions {3fij} = {ztij/yo},

S - 3 S S
3.f 3,f. E£.7 3w
Hence 3 XJ = 1 - l" - .‘—H7 -—-—o— .
3 v b PRI W) aef
7ab oo 7 Man Yo ab

The maximuis likelihood M-wton-Kaphson iteration equations give:

ab
Multiplying by u; and substituting, we have

oo s
af\ .S 3 u
p 2 | S
[—=2d -zx..(—%- )] ae {’ = - f 3
abp 36 P S g p at 2°ij
ab o ¢ Yab

Thus the equations for METH = 3 are readily calculated from the
equations for METH = 2, Only the matrix of coefficients has to be

s
. s 1 3 Yo

changed,simply by subtracting ’fi'('?f --7;9
=Y o aeab

Irstead of Newton-lRaplson iteration, a method of successive sub-

stitutions may bce used for finding M: and ai;.

S S, .S

Since f S =0 - u: = u.M; , the valuc of M} for the noxt iteration
oi i oi i

. 3 s, s
is defined as Mi = “i/"o .
. s S S s s s s, s s,
a - - M - A h
Since fij = Yi) Mi“x 'j“i uo(qiJ Miwj) we can solve
s : . . $s s,
for %5 after first substitating Mi“o for 7L

[ s, S 5,5 ) . s s
% "ij/"c - Mi“j , where Mi are the new values = “i/"o‘

Tne new values of Ap can be determined by Newton-Raphson iteration

. s ]
t1 .7 - )
using only the equations {foo O 1 =0)

Lifferentiation of these cquations leads to the system

s
T I u
) 2 4 e

=] ) P
p Ap




r ps
or L u AA =y -1
p=1 o

when the control card !MiTh = 0, subroutine NLWTON determines the increments
associated with successive substitutions.

Lxperience with the proyrun scems to indicate that the NEWION-Raphson iter-
ation schemes have very small radii of convergence as compared with the successive
substitution methods. ‘lacorctically, however, the Newton-Raphson iteration should
converge wore rapidly once within its radius. Therefore, provision has been made
in the program for running a fixed number of iterations with successive substi-
tutions so as to get inuroved initial estimates and then switching to Newton-Raphson
methods for tho remaining i1terations, 1f the control curd option is -1, =2, or -3,
then a certain number of iterations by successive substitution will be used before
Newton-Raphson iteration by methods 1, 2, 3 respectively, The cantrol card number
{DUMP specifies thce number of preliminary iterations,

The subroutine INITIAL determines the initial values of paramecters preliminary
to itcration., ‘'The proper determination of initial values is c¢rucial to the success-
ful convergence of any itcration method., The initial valuves determined by INITIAL
are quite crude, and the rescarcher may wish to write his »>wn version of INITIAL
a ftor some experimentution. The prescnt version also allows the user to specify
his own guesses of the initial values of the parameters of certuin types.,

The suLroutine INITIAL takes a sample of 100 individual: and subjects them to
a crude clustering proccdure., For cach individual, 2 count is made of the number
of other individuals within a "box" two standard deviations or a side around it,
That is, for individual k, the number of individuals j is countad such that
| Xk ® xij| < o, for all i = 1, 2,.,,,, m, The individual with the highest count

is made the centyoid of the first cluster--that is, his scores ivre the initial
estimates of the mcans for the tirst type.

The individuals in the first clustor aro orased from the sample and the pro-
cedure is ropcated with the remaining individuals,

The {nitial estimates of the A, are all oqual to 1/r, where r is the number
of types,

The initial estimatcs of the covariances arc the same for cach typu and are
equal to the covariances computed from the samp)s of 100 taken as a whole,

After each iteration the subroutine RESULT prints the current estimates of
the parameter for each type. At the ond of the last itcration, the program PLACE
gives the probabilities of membeorship in cach type for each individual,



These probabilities are:
P(individual! k § Type S) = A gs(xk).
A few words shouid be said about the indexing used within the program,

First of all, the indices of the moments do not range from o to m and o ¢o
r as in our 2quations, but from 1 to mel and 1 to r¢l. Thus the value of

U, 3,1, 1,1, 4) = “iz . The moments are conveniently calculated by
setting zi*1 =X for each Xik
and !1 = 1,0, Similarly G(1) = 1.0
and G(2) is the relative density for type 1, gl(xk).

The values for PERS (K) = xk-l

COv(L, 3, K) = o3 and cVIN (1, 3, 00 =0y

also AV(I,K) = Ms'l .

The routine MOMENT collapses the (uf;.b) into 8 two dimensional
array.

The single index KL is uniquely related to p and s and the single
index IJAN is uniquely related to the indices i, j, a, and b,

In general, suppose we have an array indexed as follows:

There are M indices. The first index varies from 1 to N,
Each succeeding index varies from ! to the preceding index.

1 2IX(1) 2.0 >1X(M)

Let S(N, M) = nurber of elements in this urray,
Then S(N,M) = lgl §(1, M-1)

and S(N,M) = é¥=%ﬁ%*+T . (N’:‘l).

Let IX(1)27X(2)a ...2 IX(M) be a sequence of indices for a particular
element of the array. The one-dimensional index of the element is

MO
Keloe I 8 (IX(M-101)-200)/J
M

orKe1s I suxM11)-1,D,




These formulas are used by the Function yto look up values of v?;.b
V Usage
A, Input(TAPE Unit~3, B(D-card images)
1

Title Card in columns 1-72, an) alphanumeric characters.
2. tontrol Ciﬁﬂ

COLS: NAME DLVINITION
1-4 MX Number of variables
5-12 NX Sample size
13-16 IRM Number of Types Assumed, If IRM = 0, 6 analyses will
be done assuming 1, 2, 3, 4, 5, 6 types.
17-20 I'IERM Maximum Number of iterations, If blank, ITERM is set
to SU.
21-28 UONV  Criterion of Convergence which all parameters must

satisfy hetween successive iterations, If blank,
CONV is sect to .0001.

29-32 IRUN =] if cvery iteration is printed, = 0 if onlv the last
iteration 1s printed

33-36 MFTHI =0 1f successive substitutions 1s used ¢1, +2, 43,
if various Newton-Raphson methods are uscd,

37-40 IDUMP The numter of preliminary iterations by successive

substitutions before Newton-Raphson iteration for
MTH = -1, -2, or -3,

3. Variable Format Card. 7This is an ordinary FCRTRAN Variable
Format Card according to which the Jlata will be rcad.
4, Data Deck
N sets of one or more cards per individual,
5 Initia) Estimatcs of Paramcters(optional)
a stimate control ca
Cols 1-4 = K = TYPE # (1 through 6)
Cols 5-8 = A * Proportion of population of type K
(all 4 digits assuned after decimal
point)
(b) Mea;s for type K
8 digits per mcan, last 4 digits assumed after decimal point.
(¢) Standard deviations for type K (same format as (b))
(d) Correlation matrix for type K (1 row per card, same format
as (b))
(e) Estimate control card for another type, etc.

A blank card terminates the rcading of initial estimates. If
no inltlal estimates are to be read, one blank card must be read. The
sets of initial estimates do not have to be present for all types. For
example, a set of initial estimates for type © may be followed by a sect
for type 3 fuollowed by a blank card. If any initial paramcters are read




for a given type, all parameters must be read for that type. For
example, initial estimates of means for type 3 must be followsd by
initial estimates of standard deviations and corrclations for vype 3.

If no initial estimates of parameters are read in, the computer
will generate its own by a clustering procedure.

Muitipie runs may be madc at one time by placing one batch of
input cards [A(1) to A(5)] followed by another batch. The last batch
of data must bc followed by two blank cards.

B. Recommended typical usq&g.
Under most conditioas, the control card A-2 will be blank in all
but the first 12 columns. The composition of the input will be:

Title Card
Coentrol Card (Cols 1-12 only)
Variable Format Card
bata Cards
3 blank cards.

Another highly successful set of control parameters is METH = -1 or -2
with IDUMP = 40

C. Uutput (Tape No 2) .
e natural logarithm of the likeclihood is printed for each
N

r
iteration: (I loz f(xk) - N( ¢ ag = 1) If the likelihood on an
s=]

iteration is not greater than that on all previous iterations, the
computer prints out'"Ilteration--diverges'". The parameters for each
type are printed vut on either the last iteration or on every iter-
ation, depending on the value ot IRUN, At the end of the last iter-
ation, the probabilities of type membership for each individual,

A o8 (xk). are prxnted If sensc switch 3 is down, the computer dumps

out the moments {"ij L) and the mntrices xcij) and (o j) following
subroutine MOMMNT, the matrix A of coefficients of the Newton-Raphson
iteration and the vector i~ t‘1 } following subrouttno NEWTON, and the
matrices A"! and the vector {a o ,) following the subroutine MATINV.

D. Timg estimates.
For METH = 0, time per iteration in secconds is
T .24 N (mel) (me2) (rel)
For METi. « 0, time per iteration in seconds is
T = 0075 (m*1)(me2)(m+3) (med)(rel)(re2)N
+ .00002[(m+ly(m¢2)r]3N

A typical run with A = 225, r = ], 2, 3,4, 5, 6, m = 2 required
50 minutes by METH = 0 on the CD( 1604.




E. Suggestions for reducing runnin me.
1, By intuition, cluster analysis of varizules, factor analysis,
Or any other means, rcduce the number of variables to those that are
really important for discriminating types.

2. Use any good prior information from theoretical hypotheses or
any other classification-clustering procedures to provide initial esti-
mates,

3. If »ou have a large sample, say 10,000, don't run it all at
once. Take a small sample, say 100 to 200 cases at random and run an
analysis using a wcak convergence criterion, sav .ul, Get an idea of
how many types thcre arc and some initial estimates from the small
strpie, Run the en®ire set of data using these initial estimates on
specified numbers of types. The hypothesis Hr that there are r types

can h! tested against the alternative, ”r-l that there are r-1 types by
the X* test R
Xj.f, - -2 log A = Z(Lr - Lr-l)

with d.f, = (mel)(me2)/2
where L, = likelihood printed for r types. Thus the

x? test of the likelihood ratio on the small sample may give a good
guess as to how many types there are, A final test on the entire sample
could be performed specifying r, rel, and r-1 typcs on the runs, where

r is the hypothesized number of types.

vl Engsglo - Artirical Clusters

To test this'progran. an example was constructed consisting of three
artifical clusters in two dimensions. The points in each clustor were
generated by a pseudo-random normal deviate gencrator. The character-
istics of each cluster are given in Table 1 below. The results of the
computer printout are summarized in Table 2. The points are plotted in
Figure 1, The 75 points in Cluster | are designated by triangles in
Figure 1, the S0 points in Cluster 2 are designated by squares, and the
100 points in Cluster 3 are designated by circles, Drawn around some
of the squares, circles, and triangles are larger squares, circles and
triangles. The larger symbols give the classification assigned by the
computer program with 3 specified types. If a point does not have two
symbols around it, it was correctly classified by the computer. It is
evident fiom the figure that most points wore correctly classified, snd
the computer's type< 'ave clear cut boundaries whereas the actual
viusters overlap - some dogree.



TABLE 1
Characteristics o7 Artificial Clusters

Cluster 1 Cluster 2 Cluster 3
lNumbcr/ZZS .333 .222 444
EANS } .05 -1.33 | -.83 1.64 1.41 .85
.D. 's P 1.26 .49 .87 1.04 .92 .97
!
a
T, ‘ .1590 .4049 .4743
TABLE 2
Charac:eristics of Types from Cumputer Program
Type 2 Type 3 Type 1
’\p . 346 .170 484
eans .20 -1.31 | -1.11 1,79 1.19 .93
D, 's 1,28 .50 03 1.12 1,04 .91
lln . 2462 .7168 .5231
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TABLE 3
Likelihoods and x? for Numbers of Types

Number Natural Logarithm xz(with 6d.f.)

of Typcs of Likel:i'..w. -2(!.R - LR-I) P
) -380, 48930
2 -358.96468 43.04924 114 X 107
3 -340.36400 37.20136 .161 X 1075
4 -334.83078 11.00644 .863 X 107}
3 -325.63847 18.38462 .534 X 1072
6 -318.02872 15.21950 .186 x 10~}

The data cards for input arc listed in Section B and the output is given
in Section C,

A previous run with METH = 0, IRM = 0 (not given here) gave the likeli-

hoods for 1 tu 6 types. These are presented in Table 3, along with associated

x2 values. The rosults indicate that the hypothesis that there are mmly two

types can be rejected against the hypothesis that there are three types; but
the hyrothesis that there are three types cannot be rejected against the alter-
native that thers are four types,

In order to save space .n this report, only a run with ItM o 3 is given
in Sections 38 and C,

The method used was METIl » -], which has 10 preliminary iteratio.s oy
successive substitutions followed b, Newton-Raphson iterstion. The previcus
unpublished run with METH = 0 took 45 iterations to converge, while the one
presented here took only :7. The diffcrence can be attributed tu the superior
convergence rate of Newton-Raphson methods, liowevar, other computer runs with
IRM = 0, METH = =1 and IDUMP = 10, 30, ot 40 somnrtimes failed to converge at
all, once the Newton-Raphson procedure was started, If the likelihoods have
not coverged to 0.1 by the successive substitutions, then Newton-Raphson
iteration often fails. Thus the initial estimazes must be quite accurate if
Newtonekaphson iteration is to work, So far the various methods -}, -2, -},
appear to work equally weli. A'] three converged in exactly 17 iterations in
the present example. The run reported here took 13 ninutes on the COC 1604,
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SECTION VI

A. listing of Input for Example



LoTiralar SnusT=83 weTunpe L Bom Tutvany ITE*AYlﬂwé

° 2¢% X -1 .1
(2¢4.2)
LY PSR
..;)19.157 U°1
19%-317 ' it
-7 Yye 2
-0 2-15 ’ e
-02¢=-105 154
0e=-157 !
07168 A
RS 408
0: "a0178 B
-2 4131 ;
1 AeQey ’ 133
2100 ' It
el ' . u1d
-0e7-273 1
~JH2=-118 B
-2%1-1%7 s
2. .-134 ' "
2¢n=089 e
AREPSRY | i
0rny+128 3
-08Y-129 bo3
.2"7.1‘ﬂ 022
1°3-1un iy
1u3=122 - i3
Nra=-114 nee
018160 ’ re?
elCael4p "27
«0hdeidl rat
082008 o2
«077-200 u3e
108134 o3
v144-088% | 132
aitraib 333
171-193 ' h3s
-04me113 . u3s
1.2-129 o3¢
23161 u3?
«08-05% u3e
«0Ane119 ’ M
T0co-182 040
e03+40¢ net
=07%.44¢ 042
«274-077 ’ ’ aes
V49197 . 044
fxne1l8 o
011136 ‘ 248
LY ¥/

1?7



~162-237
T
U-11A

-] hb=1 Rk
Jha=272
T
IR R N YA

EIRE R NN
Q=12
=173-11%»
TRk
Al=01T1
fu=217C
1h=1122
232-~143
fhbh=lhh
=12 1=NA&"
TR XN
1-1%9
LQaN )
PA T MY
‘\A-!“"
LR
4=~-18%
1600=-152
16l=-174
=336
2A=-187
T3 134
47 229
1% 278
77 184
73 171?
=117 248
=-235=217
=219 2%
55 157
=2Rs 147
173 &l
=111 15
13 4%
Tu 227
71 168%
wh JK)
AR=NG
14 337
~11% 292
=114 21%
~17% 331}
25 12

o H
[
2
“nl
(LW
W4
(YA
“h
LEYN
=27

-
iy

PR
&1)
vl
be
63
.1
25
46
67
hH
-%]
10
71
12
73
lae
7%

17
18
"G
Bl
a2
63
84
“49
Bo
87
aRr
89
90
1
92

34
95
96
97



41 798
35 NSS
~-103 280
-292-Nn138
9?2 1¢&
-235 ('53
-186 1.8
18 084
-él5 128
4% 400
69-"""
-161 288
7 143
-111 082
11 111
90 066
34 112
=113 13%
13 196
ii 091
-186 130
106 240
-103 18°
4«0 178
=138 157
11 22¢
32 391
=101 18%
63-027
131 180
62 052
279 092
107 042
208 306
38 105
218 137
113-1%0
139 147
2t 110
14 199
60-054
240 179
161 2%
141 084
86 961
7129
136 151
172 200
230 193
160 023

i

9

99
100
101
102
103
104
108
106
107
108
109
110
111
112
113
116
119
116
117
118
119
120
121
122
123
126
129
126
127
128
129
130
13
132
133
1%
139
136
137
136
139
140
183
142
143
144
149
146
167



13 230
17 97y
214 |07
135 9578
224="67
206 224
153-012

9-049
56 056
181 ~2s
163 "~
1R9 106
261 1¢3
20% 1139
193 126
389 2%,
1184 187
109 074
2.1 038
23 083
322 093
11 179
$4-147
111 112
10-28
112 040
108 029
211 093
148 118
<3 14w
6 027
136 089
79 2%9

2-020
31-089
199 192
287 217
44-002
264] 109
179 160
96 079
56 009
221 108
232 180
222 117
8%--027
1640 078
199 %16
197 270
25-09%

1648
149
1%0
151
152
153
156
15%
196
197
1%8
1%¢9
160
161
162
163
164
165
léou
167
163
169
170
17
172
173
176
178
176
177
178
179
180
181
182
183
184
189
106
187
188
189
190
191
192
193
196
19%
196
197



203

80
175
233
249
261

23~

189
218
226

9%
2%9

31
112
385

200
110
122
225
147
1561
o8
022
169
261
018
197
032
162
266

306-03%
242-010

1642

198~

107

106
102
076

24-0%4

144
324

066
046

82-022

163

037

$1-050

182

on

17%=163

19¢
199
200
201
202
203
204
209
206
207
208
209
210
211
212
213
214
219
16
419
218
219
220
221
222
223
224
229
BLANKOC
BLANKO(
BLANKCO.



SECTION VI

B. Computer Printout for Example



CITERATION
L IERAT] o
I1TeRaTInMm
{TERATION
[TERATTION
ITgRATINN
ITERATION
ITekaAT]ION
[TeRaTION
1TYgRATION
1'gRATION
ITgRATION
LTERATION
ITERATION
[TeRATON
ItemaTioNn
ITERATION
ITERATION

t IxEL ImI0N
» LT1wikL Twann
T, LIkl w0
4, LIxkLInacn
LiwFi [Wyon
LIneL Iw0NN
7, LIy LIWRNG
LIxkL IWOON
LIKEL Iw0NN
LIxFL IN00ON
LINELINOON
1 IxFL InOON
11 DIVERGES

1}, { IxkL Iw0OC
14, 1 IxEL IWOM)
1%, tIxkLIW0ON
14, LIKEl 1nONN
17, LIKEL INOOD

e
0F
0F
aF
oF
ne
ar
(2]
N
or
oF

0
oF
of
0Ff
of

o A A A AN

o o AAN

Tyige
TYPERQ
TYPER
TYHFES
TYPES
TYPES
1Y-ES
TYHES
TYPEe
TYPE<
TYPER
TYPEQ

TYPEQ
TYpge
TYPEQ
1YPER
TYPEQ

- oo
t 4 ard

IN

IN
IN
N
183
N
IN
IN

L]
IN
(L]
IN
1L

23

TS
Tuls
Tuls
Tml§
Tuls
Twlg
Twlg
TWlsg
Tals
Tulsg
TS
Tuls

Twls
TwiS§
Tuls
Tuls
TulS

SawPLE
SavPLE
SAmPLE
SAMPLE
SaMPLE
SamPLE
SAMPLE
SamPLE
SamMPLE
SAvPLE
SAMPLE
SAnPLE

SinPLE
SAMPLE
SAMPLE
SanPL &
SAMPLL

°,423 92Ee

e
0, 30744158803
0. 30440%035003
«,36)04806R 03
e, 3960319203
0, 492731426003
o, Vi901014F003
°, 846202915003
e, 3147092% 3
0, $4301%08F+03
o Ve O8782RE0 3

0, 34)731616¢03
0, 34,4608235003
e, 34037172603
e, 340308401603
o,%40%06400Fp3



MAXIMMaL IXFLIROUD araLYS]S Or [YPES

ARTIF{C1AL CLUSTERS wrTweney 1 PRel 7 INvARY 1Te<aTluns

¥ ]

SAMELE SlZ2F 3 24
WUMHER NF VARTABLES =
NUMKER OF TYPES @

TN

1TERATIUN NiMRER 17

LIKEL IMUOP GF & TYPES IN Tw[§ Sateidr = v, 3ar 364k« 3

FHARACTESISTLIC . (b TuE wHULE SamPLe

MEAN,
b N
STANDAWN LEu]ATIONY
1,458 1.47
CORRELATIONS
loonan +1849
olﬂ" 1"“0)"\

PHARSCTERISTICS GF TyPe 1

-

Tue PROPOWRTION Nb Tul POPULATIUY FMO® Tw]S TYPeE o 484

uE bNS
101’ .Q]

STANNAND PEVIATIONS
1, :4 9
24

H¥e \¥e C) E
Best Avallod® Ccop



CORRELATIONS
1.0nu0 .523%
,%5231 1.1000

CHARACTERISTICS OF TvPE e

THE PROPORTION OF TWE POPILATION FROM THIS YYPE » (346

MEANS
.20 '1031
STANDARD DEVIATIONS
1.20 .50
CORRELATIONS
1.0000 12462
.3‘.2 1-"001]

CHARACTERISTICS OF TvPE 3

THE PROPORTION OF TWE POPILATION FROM TMIS TYPE & .79

wEANS
1,11 1.79
STANDAKD DEVIATIONS
..' ,01.
CORREBLATIONS
1.000 + 7140
.gl.x 1.0000y
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LY LY} AL .o
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4R AL IR [
4V .30 V4. e 1Y
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.[u‘]
sund
<3N
342
017
sulh
.137
LT4A
.89
217
007

AT

UL
144
018
V184
non
ODA
992
N8?
« G0
.02
017
0N
Q0N
«01%
L
927
+009
094
+00A
904
« 001
00N
+ 003
«NA?
788
963
«00n
+00A
+01A
«014d
o004
l’bﬂ
00?
+ 004
910
«C0n
+81n
160
870
477
998
N3N
504
994
«004
+904
000
16
«007?
+10A
00D
01
«80n

2989 T RY
99K 100
964 YR
626 R B
983 0L
984 o i fly
A3 Tl
254 L
919 L0
-783 G0
-993 -*,:'W
986 20U
.99s « QU
L485 ang
008‘ lv'OU
LR JR14
«Qny 981
RN 994
MDA .,nuO
LM -950
.016 -061
N1 .082
it 1.0y
« 093 1.500
000 +98%
L] « 911
<002 0?3
4000 991
L 009
« 009 994
0646 +0n20
000 999
.000 10!\00
«000 <097
» 001 044
+000 998
000 212
«0ni yn3G
00 1.000
« 091 041
000 + 984
] + 900
T LE] 9904
+000 040
2009 .998
+000 +999
0?73 908
«000 1.n00
«000 190
«000 031
«00N 121
000 8523
«099 0009
«0n0 1064
+000 1408
+000 «009
000 996
«+000 018
+ 009 081
009 A4
«00d 993
001 o"t
+000 1000
«+000 909
c'ﬂg 00

B Tt



12!
128
129
13,
IR
132
133
13¢
133
136
137
134
139

14l
142
1448
144
145
14h
147
144
149
154
15

182
1838
154
1%2
1%s
1%7
193
189
16
161
162
163
164
165
166
16/
16K
iey
17,
171
172
172
17«
17%
174
177
178
179
18
181
182
183
184
18%
1Re
1R
138
189
19:

104
192

letnn
.°9°
1.57n
.°97
1. a0
.99
1.. M
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L3
.477
Lo uin
) R
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.900
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.97
1,000
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o
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0
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103
104
109
194
107
198
199
20
2n:
202
203
2c4
end
2nh
207
208
299
219
211
212
213
214
219
216
21?7
218
219
220
221
222
223
224
22%

. 784
1.v0n
297
1.u0n
151
1.00n
1.00n
1.C0n
1.000
1030
1.00n0
A7A
,97Q
1.50n
1.90¢
988
1.00n
998
1.00n
1.000
.138
+709
1.00n
041
1.0n9
S0a
990
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833
' 908
330

14000

N7

A {
00
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«N00
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:"00
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«n00
+yl
00
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nOG
+ 00
00D
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N0
«n00
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oy
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000
«h00
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VII Fortran Program Listing



aoan

e e

PROGRAM TvoEk ’ TYPEOOOD
DIMENSICN ¥eS, %1 1.7(8),PFRI7y,PERS(71oAV15,7),00v(%,5,7),COVINISTYPEOQOL
195,70, ALPHAC7),DETERME7),G¢7),1008),1D(4),vE126,28),A0120,120),0017YPE0002
7EH) VL1260  RECORD(22),8N(5) . XCAP(5,101)sMaTClun,sldni) TYREOV03
DIMFNSION FPMT(12) TYrE0O004
COMMUN X .7, PER,PERS,AV,COV,COVIN,ALPHA, JETERM,G,VoAsr, V. RECORD,SDTYPRO0US
LMY, MXL, 10, MR, 1R, LUMNE, KLY NY, XNX s JATHX,CONV, ITER®, LY, XCAM,MAT,ETYPEODOS

PHLIX,TL, ITER,PROB, METH, | JUMP TYPRODY?
EOUIVALENCE (XSAM,u), (A,mAT,¥) YPEQOGE

1 READ INPUT TAPE 3,1 L. (AFCORD(1), 1850320 "XaNX, TRN, [TERN,CONV, IRUNTYPEQ0N0Y
12MOTH, IDUMD TvPRi 010
101 FORMAT(12AA714, 18, 14, FO N, 314 TYrg0012
IFemn) 23,23,2 TYPEN0L2

MY sNUMBER AF VARIABLES. TYPE0013
THE PROGRAM READS AATCMES OF DATA UNTIL 2 MLANK CARUS ARE ENCOUNTETYPENO14
1RE0, TYP60019

2 IFCTERM)Y 3,4 Tye6,.016
ITeRmeMAX T MU NUMRER OF PERMISQABLE ITERATIONS, TYPE0017

3 lTERweS TYPE0O01S
4 IF(CUNVIS,8,8 TYPE00LY
CONVSCRI®ERION OF CONVERGENCF wNICH ALL PARAMETERS »uSY SaTISFy 8ETYPEOOR0
1TWEEN SUCCRSSIVE ITERATIONS, TvPR0024

s CONVE 0.00N01% TYPR0022
o MyteMXel TYPE0023
REWIND @ TYrR0024
XNXENR . TvegE0029
NEVEUINTFCYNN/10U. Vel TYrE0026
JUMNI R (MY atMXlel)n(NxLe2)uin)1e3) )26 TyPRo027
KAanned bl [111]
Lysn Tvr80029
READ INPUT TAPE 3,102.(FuT(]), 183,120 TYP§0030
‘07 FORMAT(12A4) TvPE0033
7 CALL SLOCK N, 3007, KANN,KEY,KEND,LONG) TYr840038
00 & Jeil,LnnE 1080033

8 READ INPUT TAPE 3,.FNT, (NC],Jd),t08,mU) TvPg0034
DO 9 Jel.L0MA,NEBY TvP80039
LxeLNey : tvrgeedé

DO 9 lel,ny TvP80037

9 XGAM (olxreRil, Jb 17080030
KSAMeSANPI 8 OF P TO 1vC CASES USED FOR INITIAL BSTINatES OF PaRANTYPRONI®
1ETERS. tvegotsed
URITE TAPE 4, LNl u)sl0lonN), )88,LONGY 1v080048

IF (RAMNIEA, L), TvPoeeg

10 CaLL IntTiaL \i 9043
Insinn 1v980044
INMaNUNBER OF TyPES ASSUNED. IF IRned, ¢ DIFFERENT ANALYSES ARE TYPROC4S
DONE ASSUMING § TO ¢ TYPES, 4 {111

Ir (1Amy11,13,12 i LILX

11 lRsRey 1YP60040
12 intelfel A lg 11134
NETHONOTH PR

]




¢
¢

"2
943

14
3%00
%01
9446

Jab

9919
Jeaes

A YTTY
Jeaq?

14?7
344
Jeae
\I1}

AL 1)
99190

249
144

wn
LL L}

X[RelR

TYPE 0091

KLXs(IR1u(IR103)) /2 TYPE 052
JATMX & (MYt u(MXlel)v]®)yD Aie ITLR
PERS(X)SPRAPARTION OF POPULATION OF TYPS K. TYPE 3¢
DO 913 xe2, 1Ry TYPR( (%Y
IFC12m)13,13,912 TYPE 086
IF(PERS(X))13,13,01) TYPE0097
PERSIK)®1. /XIR 8L TTE1)
CONTINUE Ty (099
1TEReq Tvekg000
1Diven TYPRop61
PROBAS- 1040576, \0e5 TYPEg00d
ITEROITER TYPE006d
IFC(DETERM (1)) 3%;~,3%n1.3%01 TYPEgoee
DETERM{1)an, AL TTY
GO0 Y0 340 TYeg o6t
CALL MOMENY AL T
WRITE QUTPHT TAPE 2,9916,1TER,IR,PRO0 TYPE 08
FORMAT (10w [TERATION [3,15n, LINGLINAOD OF. 13,23n TYPES Iw THIS SATYREoeS
IMPLE sE18,0) TY®&007(
IF(PROB=PRABA) Jeb, 347,347 AL TTY4]
IDIvelDlvey TYPE)07E
ITERASITER. Y TYPRg07?
WRITE OUTPT TAPE 2,.9919,1TEMA TYPRo(?¢
FORMAT(27rW 1TCRATION 13,06 DIVERGESY Tvego079
DO 449 e, ATHMY TvPlo07¢
Sin)e Sepin) TYelog??
IF.10Ive12919,3440,:15 AL CTTY
DO 3647 Kay,JATHR Tvego079
$tn)re «B(x) TvP800080
Go o 119 Tv080001
1D1vep TYPleol2
IF(METH) g, 348, 348 Tv080003
I CITER=IDINP) 34A, 348, 3444 Tveg80084¢
NETuoomETH TYP8g009
IDUnPs THE NUMBER OF PRELININARY [TERATIONS BY SUCCROSIVE Wi 111
SUBKTITUTIANS REFARE NEWTONCRAPNHEON [TERATION FOR NEPNec1,=2,00 «37VPRA00?
PROGASPRON Tyelgool
IF(SENSE Su1TCh 3)349,249 1v080008
WRITE OUTPHT TAPE 32,9910 TYORo090
FORMAT (7 wOMENT) 1v080091
WRITE OUTAPIT TAPE 2,0014, LIV, J)aJdnlekbi),lay,1yNnny WAL ITLL
WRITE AUYPUT TAPE 2,9014,(((COVIT JaN), 103, MN),Jul M R),K0¢01RL)  TYREQES
WRITE OUTPUTY TAPER 2,0016,¢t(FOVINITIJ NI Ll NN} JOsaNR)snogs IR TYREg Q04
ConTiInvE Tv08 0099
CALL NSaTOw TePl0096
IP(SENSE SulTCud) 39¢.¢9, 1908097
wRiTE ouTRLY TaPE 2,991, TvPR 00908
FORMAT 7k LBUTON) TYeg 9009
WRITE OUTPITY TARE 2,9916,((AC],J)s181,JATRR), Juq,JATHY) rYP8010C

Y



994a
2%

a0

74R

351
9942

WRITE OQUTONT TAPE 2,9914,(R(1), 181, ATHN?
FORMAT6F 15,6)

CONTINUE

IF(mETM) 115,115,248

1F wETH & n,SUCCESSIVE SURSTITHTION IS USEN,OTHERW]ISE
NEWTONRAPLSON !TERATION, .

CALL MATINV(A,UATHY,H,1,PA)

IF(SENSE SulTCu3) 391,291

MRITE OUTPUIT TAPE 2,9912

FORMAT (70 wATINY)

WRITE QUYPIT TaPE 209914, CEAI] U)o 181, UATHY) ,,Juy,JATHY)
WRITE QUTPHT TAPE 2,9014,(BC1),I01,JATHED
CONTINUE

CALL RaPHSAN

IFCIRUN) 18,16,1°%

IF IRUNSO.ANLY THE LAST I1TERAT] N IS PRINTED.
CALL RESULY

l""i.'l'!.“’t’n]'.l’

DO 18 Xei, ATHY

TA=PtX)

TASARSF(TA)y

IF(TA=CONV1 10,108,194

CONYINUE

FUIRUNY 2¢,2n,21

CaLL ResuLY

CaLL PLACE

1FLIAN) 22,92,

1IFCIR=0)11,1,8

EnD FPILE 2

CaLy &xiv

CND(0s140008.0)

:;::oto:
(Y]

szgnxoi
TvPlo10

1YP89409
TYPE o060
Al TITY
1vPlce09
4TI
TvP80110
TYPRp111
TYPR 112
TP o143
TYP8g144
?vziox::
1843 TT§L

144, TT8L
Al TTTL
Tveles49
1v08e120
Tvolesey
A [ T0
TvPgo123
184 [TPL)
7080429
baie IV 1Y

1vo8es0?
el
LAte-L18 44
17989430
Vo813



a0

00

[z 2e Ky N e}

SUBRGUTINF INITIAL TvPErg32
DIMENSION vi(5,3n0r),2(60),PERIT),PERSI7)4AVIS,?7),00VI5,8,7),COVINISTYPENLSY
105:7),ALPHMACT? ) DETYERUI7Y,GET), TXCE), 1DC4)aVE126,28),40120,320),0037YPREGL3¢
226) ,BVL126) MEFLORNCE12)SN(S), XCAMIS, 10nd,maT L nalnu)d TYPko13d
COMMON X,7,PER,PERS,AV,CNV,COVIN,ALPHA,DETERN, G, VoA, ¥,AV.RECOND,.SDTYPE 136
ToMY, MY, [R TR TR TUMNX . KLX N XN JATME CONY, [TERM, L X, XQAN AT, ETYPRNL37
2P, I1X, 1D, 1TER, PROR, METH, [ DUMP TYPE 138
EQUIVALENCE IXSAM, V), (A, MAT,X) TYP80q 39
THIS SUBRONTINE DETERMINES INIYIAL ESTIMATES OF THE MEANS AND COVATYPEg140
1RTANCES OF THME TYPES RY APPLYING A CLUSTEVING PROCEDURE To A SANPLTYPEpgaey

?E OF UP YO 11 CASES, TYPEg142
FIRSY TWe <aAMPLF MEANS AND COVAR[ANCES ARe DETERmINED, TYPEQL4d
XLxelX TPy ed
DO 22 1wy,wx TYPEngad
Avilelieg, TYPk 146
DO 1 Ksi.i v TvPgog 47

1 AVIla1deAyelo1denGAM],K) TvPlgg48
22 AVITs3dsAvela Y /X X TYPE 149
DC 3 lei,my TvPE0150
00 3 Jel,my TYPEn15s
Covtledotiar, \Add TRV
DO 2 KetyuLy TYPE01%)
2 COVIElada1daCOVEL ustdeRSaMt] KruuSAN(Y,K) TYPE 154
COVElaua1mClVITousld/ XLE-AVIT,100AVEY, Q) TYPE 19
S CevevelatdaCOVLlLust) TvPE196¢
DO ¢ lag.my TYPE 0187

AN LXK OY LY MATRIx 1§ COMPLTEN, AN ELEMENT CORRESPONDING YO A PALIRTYPE)190
1 OF POINTS 1S + IF AND ONLY IF DOTH POINTS LIE WITHIN A BAX wNOSE TVYPE(199

2 SIDES ARE oNE STLDART nC %10 ONG, TYP8ps60
SDVeCOVIl, 1,1} AL d TTUTY

6 SD(1)aSORTE(SDV! TyPloied
DO ? Keislvy TYPgosed
00 ? LeK,t Y TYPBo144¢
DO S lai.ny A1 TTY )
RaXSANL] ,XyaNSAM(T,L) TYPBo16¢
ResARSF(A) TyYP8ge?
IFtRe8D(1))5,6,68 TvPloied

8 CONTINUE TYPR0149
MAT(Lon)SY TYPlot70
MAT(R,L)EY TYPB0471
GO v 7 TYPgny 2

6 MAT(LeR)ON TvPB0173
MAT R, )8r TYPgg17¢

7 CONTINUE TYPE 479
DO 316 mae2,7 TYPR0L76
THE CENTROID OF A CLUSTEM S THE POINTY wilu TE GREATEST NUNBER OFTYPRLY?7
10THER POINTS IN & AOX ARAUND (T, TvPRos 70
FIARY THE INDEY OF The PAINT OF GREATERT JeNSITY (3 POUND, THE TY?TYPB0179
16 MEANS ARE THE CN-ORDINATES OF Y& DENSESY POINTY, TyPgo3080
LTI I TYPgo040}
DO 1! we3a X 1vPgos02
LOsn , TYPE0103
DO & Lo,y TvPRos04



[+ X2 X 2]

11
12
13

14

18

57
192
10

c's

1

20
n

1XY CLUSTER THUR w1l
210USLY UNCI USTERED POINTS wlTHIN A POX ARQUND T,

LBst RemAT () ,n)

TYPEo10S

IFC emaX)yi st ,9 TYPE 10¢
MAXsLA TYPR0107
LAKsA AL TEUL
CONTINUE 184 T
DO 11 Isl,wx 1vPEos9c
Avit,m)axSamt], L AK) TYPEpe9)
DO 913 Jel,.wy TvPEg19§
COVIUalaMInlBVLSalst) TYPE019?
COVIlsde®)alOVIU,T,M) TYPEog94
DO 16 K»y, ¥ A4 TYL 1]
IFCMATING aKD)14,44,17 1vP8 0196
D0 13 Lol X 184 TTL Y
MAT (R, )e, i TTL]]

ALL PREVIONSLY CLUSTERED POl Te ARE ERASED. THE CENTROID OF Tum NETYPECL90

CONTINUE

00 1% lsg,mx

DO 13 Jeil, ey

Atl,ude COVIL, 0. 1)

CALL MATINVIA, %X, R, 0,DA)
AD=ARSF (DAY /A

DaetSONTF(aD2DA) 20D

DO 16 Nes,?

PERSINIRey ,

DETERNN (NI DA

DO 16 log mn

00 16 Jeg M2

COVINtI,JomraAtl J)

THE PQUTING ALSO READS [N INITIAL ESTINATES UNTIL A SLANK CaRD
18 EnCOUNTERAED.,

READ INPUTY T4PE 3,122,%.0A
FORMAT(14,06.0)

Ieen) 10,2¢,10

Koo}

PRRg(N YDA

READ INPUT TAPE 3,133, 0AVELIsRY, Juy,¥Y)
READ INPUT TAPE 3,123,(ON¢T),1edsn}
FORNAY (3FR_ &)

00 19 Jey,mx

READ INPUY TAPE 3,103,4CnVEL, 0, Ko i0),m0)
00 *9 fel,mx
COVELadoMInCOVE] 0. Xs8D 1) 0fDId)
Atl,J00COV(ladeK)

CALL MATINV(A,®Y,8,,,D4)

ADeAKSF (DAY /B

DAS(S0PYFcaAn/DAY IuAD

DETEPRINIENA

DO 20 tel,my

00 20 Joy.mx

CoviIntl Jhtrnhtl, o}

€0 Y0 3?7

ABTyhN

ENDCE o gaDens )

BE Tie POINT withu Tug GREATESY NunpEa OF PREVYYPEeRCO

TYPRod03
TvPget0?
1vPlegod
a1 TITL
1vPgoR0S
R
velede

TvPleleld
181 TIT1Y
el

]

04l TTTY]
1v08e813
TvPloded

1vP80019
7v'lcsao
i 11%4
\Aie [TTL)
1v08als?
V08,020
;vv (1)
[}
19084 33
19080
tvrgedes

1v080000
Tvrg0R0?



N

naacoc
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SURPOUTINFE DENSITY TYPEQg240
DIMENSION ¥(9,320~),2(%),.0FR(7),PERSI?7I+AVIS,7),C0V(9,5,7,COVINt(BTYPE24])
1¢S5, 7Y, 8 PHR(T) . NETERM(T),GI73, 1 Xtd),1D14)sVI12A,28),A0126,126),B(1TYPEQ242
224) . HMVI126V ,REAARN 9D SALB).XSAR(S, 100) s MaT (10,20} TYPEN24)}
COMMUN X2 7,PER.FERS,AV,COV.COVIN,ALPHA,DETERM,G,V,A+B,RV,RECORD:SDTYPE 244
ToMX ML, TR, TR, TR, LUMNX KL X o NY o XNX, JATMX, CONY, I TERM. LY XSAMSMAT ,ETYPE 245

2PH, IX, 1D, ITER,PRQA, METN, 1 DUMD TYPEg24s
EQUIVALENCE (X8AM, V), (4,uAT,Y) : TYPEg2e?
FOR CURRENT ESTIMATES OF TWE PaRAMETERSs TwW]S ROUTINE COMPUTES. TYPEp248
ALPHA(K) WML TIVARIATE NORMAL DENSITY FOR TYPE X AT POINT 9, TYPE(24¢9
EPHuCENS]ITY AT 7 FOR THE mIXTURE OF DISTRIBUTIONS TYPEQ2SO
GIXYSALUMAZEPH AT POIAT 7, TYPEQ2%
DO 3 Xm2,1n1 TYPED252
ALan, TYPE 253
00 2 lsismy TYPE 254
lAuley TYPE(25S
DO 1 Jul. My TYPE 256

1 ALSAL=COVINIJ, oMot 20l =dVi], KNI i2(Je1)ehVig,K)) TVYPEp25?7
? ALsALen SerOVIN(T, lokast7 0l AYrV L, K) )02 TYPEp258
3 ALPHA (X)z DETERM (®m)sEXDF{AL) TYPE(259
EPNE}, TYPEp26¢
DO ¢ Ka?,iny TYPEQ26
4 EPHBEPNOPENSIK)InAl UnA(K) TYPEp262
DC 8% Ke2,1834 TYRE(203

S GIK)SALPHA(K)/EPW TYPEg264
Gtirey, TYPEQ265
TYME ADDITINN CF A QLMY *YPE OF CENSITY Gmy SIMPLIFIRS THE COMPUTATYPEQRAS
1TI0ON OF LOJER NROER MOMENTS w[TH ONE OR MORE TYPES OMITTED, TYPEo267
RETURN TYPEp268
END‘LOiOC;".l‘I) 7'.'026’

36
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SUBROUTINE MOMENT TYe§0270
DIMENSION ¥i5,3V°0%1,7(6),PERC7),PERSE7I2AVIS,7),C0V(5,5,7),COVINISTYPEO27Y
155, 7V ALPHALT7) ,DETERM(?) ,GL7), IX(4),1DC®)sVI126,200,A0126,120),0¢1YYPE0272
226) ,HV (1261 ,RECORD(12),SN(5) , XCANM(S5,100),mATLL 0,30.) TYPE0273
COMMON X,7,PER,PERS,AV,CAV,COVIN,ALIA , DETERM,G,VsA:9,4V,RECORD,SDTYPEQOR74
ToMA,MXL, TR, XIR, IRE . T IMNE, KLX, NY 2 XNKL JaTH s SONV, ETERR L X, XRANMAT,ETYREC2YS
2PH, 1Y, 1D, ITER,PROB, ME~ W, [ DUMP TYPEOR7S
BOUIVALENCE (ISAN, V), (A, wAT,X) TYPEIR??
THIS ROUTINE COMPUTES Tue GENERALIZED MOMENTS viTJNa,KL) FOR VARIATYPEOR7S
IDLES 1,JoM, AND N, AND TvPES X AND L., THE WOMENTS REALLY wAVE Six TYPRORYY
2INDICES BUT ARE STOREDN A€ A DeNIMENSIONAL MATRIX, TRIANGULAR INDEXTYPEIR00

SING 1S USEn TC ELIMINATE DUPLICATION, . tyPgoRes
DO 1 lumNsy, 1 uNx TvPg0202
DO 1 Kiel,wiX TYPEC283
LZRWLL T (ST RN TYPE0204
KAMNS( TYrRO20%
INI®LIALIZE TYPE0206
REwl D ¢ Tvrgody’
PROBOXNX TvP80200
00 10 xe2,t01 1vol0g09
PRODEPROD- NN =PEAS(K) TYPguR90
CALL BLOCK ¢NX, 3000, NAMN,XSY,XEND,LONA) TvPrgetel
READ TAPE 4, 1(X(1,J),191,MX0,JulsLONG) 1vr6eged
TAPE ¢ 18 aBAD IN OLOCKS OF 3070 Cases, TvPR0093
DO 17 xAst,LONG TvPieg04¢
2t1re4,0 Tvrk029%
THE ADDITIAN OF A Duumy vaRIAG fel SINPLIFIES THE COMPUTATION OF LTYPROROS

10MER ORDER wONENTS OMITTING ONg OR MORE VAR]AGLES. tTvegoge?
DO 3 lsi,Ny TvPR0R08
2tietdont], kA) 1v0§0899
CaLL OENSIYY TYPE0300
PROPOL IXEL 1NO0D OF SAnPLE TYPE0301
IrigPMY7,7,8 tyrgodod
INDENOKGTonAel TvP80303
WAITE OUTP,T TARE 2,120, INDEY,EPN 17080304
FORMAT (49N NEGATIVE PRODADIL!TY DENSITY FOR ODSEAVATION lg,3% o TYPEEJEY

1F16.9) 17084300
60 10 0 Tv080307
PROQEPAODLOEF LEPN) TvPgedes
KLen bl 111
IFPCNETH) 12,12.11 TvPgo 310
00 ¢ Kej, M) TvPRed1d
b0 ¢ Let,x TyPRo318
LN T (X} TvP§0313
AT1e0¢N)0G (L) tYrgo314
1Jnneo 1v080319
D0 4 lel,my TvPR0316
0T2e0T1e2( 1) Ty 0;17
DO & Jei,l ’ A4 (11X
Q1367202 ) - TYPR0349

1



un & Mel.y TYyrEQR 320

bTe TATI7(™) TYPEu32l

DA ¢ Nz~ TYPEI322
IINLLE RINLEER TYPENJ2)

e VULJMN KLY v TP Aty edtan/zt TYRENJZ4
A7 CONTINNE TYPENS2S
15 P (AN, 8,2 TYFE(G3ZO
5 DO & Turnzt oM TYPEOI2?
U0 & KLzl.xl X TYPEUJ2H

AL IS T T A R L TR IR N A R ¢ 1YREDI2Y
RE 1N TYPE 0330
17 ML= TYvE:L 331
U 138 xsl, 1=l TYPE{J3¢
FRK  METwmz ,wbk D0 ' st Tmr wi'wE Ty TYFPEQIII
[JUMNs?2 . -~ TYPEQ3IIA

DO 14 J=z2.,vy! TYPENJIIY
GTie 201V x (R TYPEQI3G
JE&= YVPE“337

DO 14 Uust,t TYPE3IB
VO IMN, KLY s VT oMN oy e Bt 700) TYPEGIID
JSzUNe Y TYPEUI40

14 LuMNsgMte 8 TYPE)Je]
ng 8 Lsl.x TYPECJGR
Mel,aLdEyV (1 L Y etigad it TYRPEDIAY

1V nLERLe? TYPEQI4S
GO tu 17 TYPEDIAD
END( !13 la‘- \ YYPE“S‘Q

38




FUNCTION ¢ 1A A, MANALNA,LA ) TYPEG I
DIMEASINN xS, u0),2(n),PRRI7V,PERSIT7)IIAVES,7),C0VES,%,7),COVINI(STYPEQN4S
105,71, ALPHA(/ Y, DFTERMIT7),G¢7),1X(4),ID(4)sVI126,78),401206,120),8(1TYPE;I49
e26) MV L1261, RESORDLI2),SNISI  ACAMIS, 1 ) ™aT et ,10.) TYPEL IS0
CO“MON X, 7 ,PER,PrRS. AV NV COVIN,ALPHA,UFPTRRY,G,v AW, »V,RECORN.SDTYPENISL
ToMu ML, TR, XIR TRy TIMNE  KLX NS YNX, JATHX ,CONY, JTERM, LY, XeAM, MaAT,ETYPE)IS2

2P, 12X, 1D, ITER,PROB.METH, | DUMP TYPEOISI
EQUIVALENTE (XSAM, v), tA,MAT, Y)Y TYPEL IS
THIS ROUTINE FINDS THE MAMENT rORRESPONUING TO o INLICFS ay COMPUTTYPE(ISS
1ING THE 2 IADICES NF THE MOMENT [N TWE MATRIY Vv, TYPENISO
Ixcirsta . TYPEDIS?
IneorsJa TYPEO IS
ISTREELTY TYPENISY
Ixtarsna TYPEn360
THE FIRSY ¢ INDICES ARE PUT IN ORDER FRO™ SMALLESY YO LARGEST TYPEnJel
DO 3 JUmi,e TYPEn 302
KaT=100 TYPEN36Y
DO 2 lel,a TYPEN 304
IFtRaTelX(1)) 2,241 TYPENIeS
KATslN(}) TYPEO30G
LT} TYPEC3G?
GO U 2 TYPRUJGS
CONT INUF TYrEQ369
IXtuedysy. TvPE 1370
ID(J)IsnAY Tyrg0371
THE LAST 2 INDICES ARE Py [N ARDER FROM LARGER 10 SMALLER TYrRod’2
IF (RAei 8)4,5%,9 Tvrg0373
KATsLA TYPE0374
LATaRA TyrE037%
G0 U o TvPE0376
KATaKA Tvek0377
LATeL A TYP80370
JINLIT 3} TvP§0379
THE APPROPRIATE INDICES NF THE MOMENT wATRIX V ARE COnPYTED, TYPEOJA0
DO 8 lei,e A LI TR}
LPRseY Tvrgodel
DO 7 Jsi.l TyPR0303
LPRa(LPRE(IDIIVeBod) IV TvPE0304
TUMNS [ UNNe) PR : TvPE0 309
KLo(RATo(RAT=1))/720L AT TYPR030606
UsvViTJNN,R) ) TvPE038?
RETURN TYPE0300
ENDIO0s3,0,0,0) TYPR039Y




PUNCTIAY NMrptla,s' )

THIC I8 JURT lup (K<~"\CCAER D& YA
1Ftlactyde, 2,

UNES

Gn v 1

ONé= Y,

HE .1 N

ENnL

40

TYPE NIV
TYPE 130
TYPErIOE
TYPE 393
TYPE, 394
TYPE39S
TYPEN3OG
""nl;Q’



(g Mol

PANET N b, Ty, A 15,8 TYPEN3OE
DIMESSINY yes, t Vo7 (N BEREIV,PERSITIAVIB, 7),C0VI0, 5,7V ,COVINISTYPE-~309
B T A PHALT)  NETEAME ) U I XA TRt 12,08 A(126,126),8(1TYPERANC
PeR) MV PR RESASNE L1, SP(S) XAV (H, 9 D ,"aTty ,1 ) TYPENS |}
COMMUN X, 7 PERLPERS,AVICNVL,CIVIN,ALPRA,DETERM,G,VeAsH,NVsRECORN,SDTYPEnGr2
ToMX MU, TR XTH, [ue s UMyl KL K WY XA, JATMY 0NV, [TER | X, Xeam, g T, ETYPE 4,3

PPM, 1, IN, I TER,PRAR,METH, 1N, mE TYPEn4nd
EQU'VALF e tXSAM,yv), (d,vdT, ) TYPE 4%
€M 1S A TEDM weZwW APPEARS 1% vif BaOT[aL NERIVATIVE NF TuE Max]mMUTYPEnGd

AP 1B [=OAD FALATINANS wiTw QEGKECT TO Tug TYP, wMEaAnNS, TYPE a7
fus -, . TYPEnanb
lails]A=; 1vPEEnY
DO 1 lmi,my TYPEqay
Iest TYPEne1:

1 EMSEMeCPVINETA IR, [PIRC 1 (toiloluslBog, IPelISIAVIINIPISUIL,1:1101TYPENE12

1o 1P 18 TvPE e
RE T aN 1YeEnayd
ENDCLsds 00 TvPEe1Y

4



Bose  Tor QUai!, 1 at, w18, TYPE -4t
PIME STE vt Vo2t ) bR T e b IS T bt IV UV, P COVINCNTYPE @17
SR Ph ARl Y DTl T 50T TR EN L IT ey (2, BY A 26,120  HLITYRE 418
P S WY PR ST Ay (WP (Y BN SR Y IS WA 2RY T SR et Tty ) Tree 4:9
COMM N Xy ?, Shh, Bedn A, UV 0 v h rmh,ur lohd, iy ipgasdy VodbCOAN,SHTYPE 49
MY, X TR Y k] v, M KL N AP TATAN, UV I T ) (G, AChM, vy T,k TYRE 421
M, TR g TE D ek Y WE T, Y A, TYvog 472
B0 A e 10 EXSAM, Da(d, AT TYPE @23
ST . '8 w TeHM el e APYRARS A Twi i RTHeg RV T m b Tke MAXIMTYRE 4.4
M IR TeA G RTINS [ Te WLSERCT TR YT e b AT b Tk [ANupRSTYRE 452

OO Tk Twlh AN gt AN W, Te]y, TYFE 406
{4 xlde- TYRE 4,7
IR 2lme TYPE 4L

Blar e w10 0 80 1L U A e, o TPIcavilat (8L IR IR CAVITYRE 429
R L I A Y PR PR RS RS I L I S B IV ETPR PR R ST T S R R ) R I R T

Calagik, b, 18 TVRE 44y
L1 3 N TLI Tver dig
LN AP | tyPe €3

L}
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FunetTIon DERVITT TuslSelAa, iR 10D TYPErd3e
DIME-SINY wiS, 0 3, 72¢h),PeRITY,BEPSIT)I0AVIS, 7Y ,FdVis, %, 7V, COVINISIVYPE . 4}
ShB TN R PR L) NETERVITI, 60/, 1XLE), INCA)avl 120, 0)400120,176),A(1TYRE, 43¢
PR ANV L1OAN RERNINE 123,80 ¥CArESo 1. dovaTEy 1 1} TYSgraY/
CORMCN X, 7,PFEN,PERS,AV,CNV.Ct VIN, A| Pl JeTo M, Goveled, =V, QECORN, SPTYPE 438
ToMN, P Ke, IR, IR, 1 01s UMW KLU KN XN JATHE U aV, [TER Lo KCAM, MY, ETYPE 436

PPHLTY L IN ITER,PRAR,METH, TN ME TYPE. @4
EQUIVAI RS CE ERQAM, V), (A, ¥AT, Y TYPE ;443
TUI8 ROUTIvE COMITES Tee DERWIVATIve OF ThE [ S w0 AT Witk TYPE o843
REL-CT T THE AHP PARAVETHR, TYPRn64Q
IF(1A=311401,2 TYPEnadd
DEAY 8 «li(tlal.lels telSaln) ' 1YPE 1048
Go T g TYPE  44¢
1FIn=1)3, 8,6 T1YPR 447
DENVS=PERS | PIsRME[1,1uslaslS, ) TYPEnGel
1P 1S)8 60" TYrE 449
LERVEDE,VeEMET T, 1o 18,20 1P) TYPENES 0
60 10 1 TYPR 1433
DERVEPENR e IP)SIGLIT, 1. (1A IR IS, TP TYPEneS?
IFt1ve18)In, 7,0 TIPEneSY
DERVSDERVeRTGLIIsTustanlf, 1, 1Py 1vPE e84
IFL1818094,90,¢" TYPEnass
DEuyen,SepERY TYPE ;456
RETURN 1Yok 1497
(L]} TYPEnase

9

Vg et
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1. TEMPOTENMP OVl ol oM IedV Il ,RIBAY(JmloKIIRDERVIL, 10K, M, N, )

12
18

16 G0 "D (16,48,13),mbN
18 TEMPOTEMPaANE( T ,MYnliJSet,

10 TENP® TEMPLONECI, 1IRONELI ,Mielry = ONELUs LI DR(ONECT M)AV (Y=1,K)e
1ONE ¢ JaMIRAv Tet, X))

1?
(L]

19
2
”
”
9?7

SUBROUTY INE NEWTON

1YPR 1459

DIMENSTION w3, %0 ), 208),PFRIT1,PERSIIVoAVIS,7),00V(S5,5,7),COVINISTYPEge6p
195, 7V, ALPHALI I NETERM( 7Y, GI7),1Xt8), INIE) v I126,28),4(126,126),0(1TYPENA0
220) ,HV:126),BERQQANL12),SN(S) , XCAM( N, 10 ) e MAT Y 11, )

COMMON X, 2,PFh,PERS,AV.COV.COVIN, A Pud,UETrAM G,V iAdsd,«V.QECORN.SDTYPE 100
ToMY MU 9, IR, MIR, R0 ] JUNX,KLANYSUNX, JATHX,CONV, I TER®, L Y, NeAM, Y, ETYPEnae ¢
2PU, TN, ID JTER, PROR. METH, IDULMF

EOUIVALENCE (XSaM,v),th,uAT,X)

THI® ROUT{nE SETS P TwEk NEWTON=RAPHSON MATRIX ENUATION FNnR Tug CHIYPE 487
1ANGES IN Tub PARAMETERS FNAR “WE NEXT [TERATION,

MEKuXARSF (METH)

METW 8 o1 AR o+ JuPLES SIMPI [P IED MaXIMumMel IKELTHOSD £QUATIONS
METH 8 ¢2 AR o) IMPLIFS AOMPIETE MAXTIMUMaL IKEL INO0D #QUATIONS
METNS o3 NB od [ME_IES CAMBLETE EQUATINNS NIVIDED BY UNS

1Pt(MrTH)ED, 42,0
IATe:

D0 27 ns2,1R}
UOSsit1,1s101:%,1)
DO 27 sy, wx?
UJSetitlalstedatt, 1y
00 27 Jsu,wxy
UlSsU(lslstsla, )
JATs

1ATalATey

DO 27 Le2,1RY

D0 27 Nej,wxt

DO 27 wmeh,mx1
JATeUATel

TEMPODERV(1,U M, M, A,L)

1ft1e1) 27,27,9

GO TN 112,9. 41 DemiK

TEMPOTEMPaaviTer , MIPNERVIJL Lol , MM, L)

1P (Ue1112,19,1

100V Jeg , M) aDERVE], Lo, %0, L)

1P tneld27,48,?7
1FINe1116,94,1?

ePNEl e 1) IB(UNE LY, M) 1] F2y0Se

T(ONBLT  MInAVE et s RIODNEL 14»Vepuller, X)) )

G0 YU 27

GO0 T 27
1FLUe1)27,27,10

TEMSCOVITat May L elAVIiyalshot LVenOvEIotsnot L InCNvigeisueg, )
G0 T (2 ,19,10),MER

TEnatEmaung

1F (e} 22,71,22
"".: o’."l
TENPATENPATEN
ACLIAY YA gTEND
Le

DO 33 xep, 1R
Lete

TYPE 462

TYPEnaed
TYPE I".‘

TYPE ya06d
TYPE 469
TYPEna7g
TYPE a7
TYPENe72
TYPE 673
TYPEpae
TYPEq4798
TYeEoere
TYP&ne??
1Y9E a8
TYPEnGYY
TYPEned0
TvPlqe0y
TYPE 602
TYPEoeld
1Add T L)
TYPE 00
TYeEnene
TYPEnen’
TYPEneld
AdJ LY T 1)
TvPEoe9
1YPEna0]
TYPE 402
TP 403
I
TYPgEneeS
TYPEgeve
19961497
1YPg1e00
TYPE(e9?
TYPRaS00
TvPR o901
Al T TY ]
TvPR 0803
1YP§ 0904
TvPE 0809
TYPk09 06
Tveg 0907
1vPg 908
TYPEn909
TYPE091n
TYPEngst
TYPE1842
TvPEnS13



30 BiLIsuUnSE(rAViTel,Jo1.X)aAVilacrsR)aVigoloN)deaviiey )
WL, 1030dexs 1AV o nljtto1,1010K0 )

31
3

34

36
3?
L]

a3
44

UOSsuL(1,14151:%,1)
BtLrey, rennsg

DO 29 122,mx1
LeLel
B(L)mAV(leq,X)

"GO0 YO (29,28,20),MEX

LB eL Y e)08
BtLIeB(LIentlotrlsloK, )
DO 33 Js2,mx1

DO 33 leu,my1

LeLe}

G0 TU (31,3 53 ),mEX

60 70 33
BILISCOVEIalsuotosXIoAV(lal , KIuAViYal,K)
StLIeBtLdenitint e ado, )

GO YO (37,37,34),4FK

iAYen

DO 36 Ke2,1R1

JATey

DO 3% La2,1R})

DO 33 Neg,mx}

DO 39 MeN,wx)y

JATeJATe)

OVIJATIE DERVEL, L Mo M, N L )7U01,3,2010K,1)
D0 30 Jei,wai

00 36 ley,ux1

[aTalATey

JATeo

DO 3& Le2,IR}

DO 36 Nei,mxi

DO 36 MeN,m¥}

JATaJihlel

ACLATIJAT I ALTAT JATIODCLIATIGRVIUATY
RETURN

00 44 lsi, 1R

DO 43 Jei,t

Atl,ddsUit, 1080801080000

Atds 1ot , )

Ot11e Utls1sd0d0dslegdel n

CALL MATINVEA,IR,0,2,00)

Lol

00 %2 nel, IR}

PERTS Ut1,303:2024%)

00 92 e,y

LeLe}

OtLIL1sL. 101020 1sK)/PERTY <dvt],R)
Ovitie AV, K)ellL)

00 52 Jeg,t

LeLeg

QILISULLs1,J0Ls10lst,R)/7PRAT «QVIIIERY(JICOVIE,JoR)
:0010 $?

N

TYPENS14
TYPEAS1S
TYPE  51¢
TYPEnSy7?
TYPE 346
TYPENS36
TYrE %2c
TvPE 928
TYPE 0%2¢
TYeE 522
TYPEpS2d
TYPE 928
182 1114
TYeg0927
TYPEnS20
TYPE 929
TvPE o930
TYPE(33)
Tvrg083s
TYe80932
TvPR 834
TvPE 938
TvPgo930
tvPEnSY?
Tve§o930
TYog 930
T8 0940
TP g9,
tvPgoden
tveloded
TYPR (944
TYPE(949
TYPg0946
Tvrgose?
Tyeloded
\hig D111
1vP§ 0990
Tv08 994
Tepas98d
? 994

it H

17080994
17980997

VPR O9B

1Y L
it
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SUB~ UTINE RAPNSON TYPE 960
OIGEQOION ve%S, 30,00, 2¢(8) ."a‘7)0’!..‘7).""07).60",05!’)nCOV'“(,".“)‘O'
109,70, ALPHALTY ), DETERM(T7) .G, Xt IDC®)»VI126,28),40126,120),8(17V0887,
2200 ,0V(120) RELOAN(12).8N(5), XRAP(S, 1) eMATtinn, 8 ) 1vPE0974
CONMON X, 7,PER,PERS, AV, COV.COVIN,ALPHA,DETERN,GoVoAod, RV RECORD.SDTYPE 972
ToME MUY, TR, NIR [RY, LIMNR LA NY s XN JATHN, CONV, [TRR™, | X, XAN, AT, ETYPES7)

PPN, 1N, 1D, [ TER, PRON, METH, I DUIMP TYPENS74
COUIVALENCE (X®AN, V), (AsMAT, X} 1vPE0879
THIS ROUTINE ADDS THE APPAOPRIATE CwuaNGES TO THE PAKANETERS TO OBYTYPE 376

TAIN THBIR VALURS rOR Twk NEXT JTERATION. 1v06nS87?
ARAY®Q, TvPE o970
IFemETM)I0, 30,23 Tv0E 979
NEWYONRAPUSON [TERATION 10§ o090
1avey TvPg )90
ARTelNxiscuNlet)d/? TvPg 0902
SHORTEN  INCREMENT VECTNRS UMTIL ALL PENCNTAGES ARR wiITHIN BOUNDSTYPE383
00 10 We2, 1R Tvog 0504
ANAZUePERS (X )/ (2, 'sB(IATY) Tvr§ 0909
Ircanazy?,.7,0 . 1Y 900
ANAQ SARAY? ¢  S/RCIAT) 1v080907
IPCARAeARATIO, ¢ 5,10 Tvo8 800
ARATeANA2 TYPE 0909
1aTeslATomxy tyPg 99y
100AnAYes, n)21,13,13 1844 T LI
00 12 ney, ,ATMYX 1v06 0902
Oex)eARATsA(N) 170809903
1AY @ 1YP8 0904
30 20 ne2, 10} 17080999
IAtelATey 17080996
PERRIN)IaPERS IR A(IAT)Y 17080997
90 24(01,my , t1vPgnsee
1atalaves 108,999
AVLTsRIBAY TR IOALLAT) - TYo8 0000
00 99 Jes,w 19880601
DO 2%1eu,My TvPkoo02
10TelAtey tvP8o000d
COVINGE o M INCAVINIT  JeRrentIpY) AL TTYL
COVINGU 1, DOCAVINGT, uelt) 1v0§ne09
At1,00CuvINLT, o) AL LTT1)
AtJs1hubtl, 0 A LT
CALL MATINy(A,Wa, Av. "~ 14} TvPR 0600
ADeANSPeDaY /D2 19080809
DOVSMAIR I (RANYFLANNNAI Ve kD 1vekoet0
1P0aN)97,27,20 8l LT
InbgaoRey A4 LI 2T
WRITE OUTPUY TAPE 2,121, INLEY,NA 5 1908612
SORMAT (A&u NEYEANINANTY 8 COVARIANCH INVENSE FA@ TYbe 12.1maF1a,0)7YP8e1¢
CTATLTERY R TYPRneL8
D0 20 ysi,wn ALY YU
00 26 ley,mx tyPkney?
COVIladonrigatl, ) M LTTIU
AT 19060019




(9]

33
3¢

3
3
3

4

a0
81

82

83

L1}
Lo

SUCCESSIVE SUBSRT]T TINNS,

CLelR

"xTsy

SHORTEN INCREMENT VECTAR urYrL ALL PERCeHTAGES ARE wlTWih BOUNDS

DO Y& xsz2,1R1
AKAZ8=PERSIK)I/(2,r"RIK=1))
(AR LY YARAFRAPAL

AKAY? 8 AKAY o ,5/A(K=1)
IFP(ARAZ-ANAT) IS, 3¢,3A
AKATOAXAZ

CONY INUE

'r““"l .5’370300 39

00 38 rei,1R

(X sAKATuR(X)

DD S ws 4,109
PERSIK)ISPERSIK)Ie AlKaq)
DO 82 lel,mx

LeLey

AV 1K Ayl oRVeB(L)

Do 82 veg,t

LeLey}
COVIlidaMIaCOVIlsuaRIolilL)
COved1.M1aCOVI],.0eR)
Atl,J)eCOVIT, U, )

Aty deatt, )

ConT INUE

CALL MATINV(A,MX, BV, N, 04)
ADsADSF (DAY /DA
DETEANCNIa(SARTF CAN/ZDA) YuAD
00 54 teg,nx

DO 84 Jsy,wy

CovIntt JemInALll Y)Y
CONTINUE

GO t0 29

END

L}

TYPEne20
TYPRA2Y
TYPE ;622
TYPEq62)
1YPE 624
TYPENG2S
TYPENG26
TYPE 027
TYPE~g28
TYPE 629
TYPEoeds
TYPEne3
TYPENG3I2
TYPEne33
1796034
TYPE 1639
TYPEnede
TYPE0637
TYrEne3
tYPg, 039
TYPEndag
TYPg 04
"” L]
"" l'.‘,
TYPErded
TYPEn043
TYPEne 4l
TvPEoes?
TYeEne el
TYPlg049
TvPE06%0
T1vP8049)
Tv050692
1v0E0633
TYPE9094
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SUBRUUYINE RESHLT TYPEnGSS
DIMELSION v(5,3n03r),7th) BERI(TV,PERSITIVAVID, 7),C0VID, %, 71,.COVINISTYPE 450
o8, ) ALPHALTY DETERNITY AUV, 1XLE)IN(A)IVI126,28),40126,120),8(1TYPE6S57
P26 HVIEL2M ) REFOANI 1210 SN IS XCAMIS, 1 p)a™aTl N, v, TYPE 1058
COMMBPUN X.7,PER,PERS.AVICNVLCNVINLALPHA,UBTERM,GoVIAL 4,V RECORN.SDTYPEn§59
ToMN, X1, IR, TR IR [UMNY, KLX NY s UNX s JATHXONV, JTERM, LY - XQAM,MaT,ETYPEngON

2PHL IXs 1IN ITER,PRNA, METH, [ DUNP TYPEnGGY
EOUIVALENCE IXSAM, V), (A,wAT,Y) TYPE 00
THIS ROLTINE PRINTS QUT Twup FARAWETE®S UESCRIGING EACH TYDPE, TYPE ng63

1 FORMAT(qma, 15U, 360KMAY IR wel [#E) [m00D ANALYSIS OF TYPES//av,. 11460 (YPE,bb4
? FORMAT (1M, 15%, 39uCHARACTERISTICS NF TWE wwOLE SAMPLE/Z//3y) TYPE 065
Y FORMAYL(IX/77/77714%, 23WCuARACTERISTICS aF TYPE 14//)3x) TYPEnber
6 FORMATI 11X, 49KTHE PRAPORTINN OF THE POPULATION SROM THIS TYPE wfe.TYPE 087
1373%) . TYPEceed

% FORMATII X, SMMEANG/5F12,2) TYPEcoed
o FORMATIRX/2XX, 194G TANDARN DNE: 1aTIONS /8F12,.2) TYPEpé 70
7 FORWMAT (XX /98X, 124CORRELATIONS) A1 d T YAN
A FORMAT (SF12.4) TYPEne72
O FOARMATEIN27/72712%, .3NSAMR b S]7E 815174 uNs210WNUNKER OF VARIABLES eTYPE(e7)
11271 4, 1700 '"MABR AF TYPER 3147725, 1ANTTERATION NUMKER | 3//73X, TYPE 074
PLZHL IKELIMADD AF 12,23% TYPES (N TWUI® SAMMLE sE1A,.8) TvPEoe 7%
DO 1 JUsl,wx TYPE 0070
JAsge Tvegne??

10 AVEJa10aULL, 10t 0dAG ) TYPEne 78
DO 21 Jmi,mX TYPE(e79
Jin el TYPko080

DO 2 Isy,wx 1AL FY YT
las)ey T1YPEnes2
COVEloJsldtaitioteddelhsl, 10bvid,s1dnhy(lat? 1YPk000)

92 COVedal,etre Vel ue1) TYPEoone
WRITE NUTRLUT TAPE 2,1, (RECNAN(1),181,11) i RYT 1)
WRITE DUTPUT TAPE 2,0 ,NI, ™Y, 1R, ITER, IR, PuQn TYPE .\ $AS

N0 +» e, 1Y TYPEneA?
Risgey tyrknete

IF (k1) 11,11,12 ‘ AL T Y 1)

1 WRITE OUTPUT YTAPE 2,2 TYPE,09¢
Q0 1 13 TYPEne9y

12 WRITHE NUTPLT TaPE 2.3,%1 TYrE 092
WAITE AUTPY TAPE 2,4,PRRS(R) TvPRi693

1L WALTE AUTPIY TARE 2,8, (Avil, "), let,mY) 17064904
00 *4 sl mX TYPEne9s
SDvaCOvVIi.t,K) TYPR0096
ANsARF (SDhy) s8Ny TYrkoee?
SNV (SARTF (aDseDyIInAD ) tvekodod
«4 SNCIIBSDV 1v08n009
00 19 lsi,wx WAL TRLT

Un 19%Jel,my tvPEn704
ALi, JIECUVITsusRIZESNET NS L)Y tvPlo702

LN TPRRT TYR PN TYPE 703
WRITE GuTPUT TAPE 2,6,(S0(1 ) lelsmr) Tvegn7,4
WRIT» OUTONT TAPE 2,7 TYPEN7nS

L0 A Js,eY 1v0En7n0

10 WRITE DUTPCY TAPE 2,8,(011.JY,181,MY) TerEn797
RE1pmn tvpgp700
EADE 210 0ne ) TYPR( 708




c

SURRIUTIYF PILACE TYPEA?10
DIMELSIOr w5, % e UBY PRIV, PEASIZYIsAVIS, 71 ,00VIS, %, 71,COVINISTYPER?1]
0BT ) s AL PHAC /). METERMET), BTV, 1X(8), TP (), 10120, 28),A0126,120),0017YPET12
PPRY, 4V R HERDANE D), SNES) uGAVIS, 1 DTy L1 ) TYPENn713
COMMUN Xo? PERLPERS, AV COVLC VINLALPHR O TeiM GoushsH, Vs RECORN, SDTYPE 714
‘aﬂl.4l\.!9.llﬂolﬂ’nlJV\l.K(l.l';lNloJlT“lA”ONVnlYtn”nL'o'Q.P..l'oF"P‘H’I’

PPH, 1R, [N, TTER,PRORMFTH, 1L M& tYPEn7 10
PQUIVALENCE (XSAM, V), (A,%AT,Y) tYPen717
THIS ROUTIANE PRINTS AUT Tei PRNABABILITIES F TYPF MLARASLIP FNR ETYPE. 718

1ACH HSERVATION TYPE719
FORMAT(1n]) . 9%, SOHPROAAN]Y 1168 OF TYPF MEMAENSHIP///Y,7]8) TYPEAT?20
FORMAT (1w, 78R, ) TYPEn72)
WRITE OUTPLY TAPE Zet,tl,1s1.08) TYrgn722
KBs~ . TYPE 723
SRMNS D TYPgo724
REWIMD o TYPE(72%
CALL HLOCM AN, 8 _r,uRMN, ST, nEnD,L DNGR) TYPEn726
READ TaPF 4, (IX(T,U)sl0aaMYY, 18,1 OVG) Tvek o727
DO A Kai,l NG TYPEn7 208
DO & Im1aMy TYPELT729
2tletdaxtl ) TYPR (730
CALI DENS1TY TyPEn73)

KAsrhey vPEn732
DO & le2,1m¢ tvrga733
Ge1yaGelInmENSL]) TYPEn?34
WRITE OUTPLY TaPE 2,2,X8,(6t1),1e2,1R1) 1812 LYALS
[P (ukemr)?7,7,3 A TYAD)
RE TN Tveg 2737
ENDC. . slobon,td TvyPgn?38
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SUBRNDUTINE  _CORKINX,LRALK ,KHMA , aST,KEND,LUNH)

TRIS ROUTINE CNAMPLTES NLMBRRS iSEFUL IN Tme CONTROL NF Tue NBUT
AND NUTPUT OF LISTS NE LENGT® X IN ALACKS OF LEMGTw™ LUK,
KAMNONUMEER 0OF [TEMS REraINING . TwE L UST

LONGOLENGTW OF CURSIENT B OCK

XST AND KEND ARE TwE STAQTING aND FNOING IALFXES FON Tug 1TEMS N
THE CURRENT WL NCX,

IF (RRMNDI2, 1,7

KRMNENYX

KENDeD

LONGOLRLX

KSTanEn]ey

IR LRI K13 ,4,4

LONGSXRMNA

RENDOKENL o1 ONG

KAMNOKKkMNe) ONG

RETURN

END

TYPE 739
TYPE ;740
TYPg. .74}
"P‘U,‘a
TYPE 1743
TYPE1 744
TYPE 745
TePEY1740
TYPRI747
Tybgi 748
TYrgu749
Tybku?784
TYPELTSL
TYPR 752
TYbk.7%3
TYRPEy754
TYPk . 79%
TYPE 798
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SURRNUTINE MATINVEA,N,B.v,LETERM)

DIMEASION 1OIVAT(126),A0120,12a),B1126,10+INDEN{126,2),PIv0T (1206,
EQUIVALENCE (120w, RNN), CICNL 1M, 9C01 LMD,

tamax, T,

SwaP)

PANGRAMMED WY BUNTCN S. GaRBOW, ARGONE NATIONAL LABORATOAY,
AND REPOSTED In [AM 7 4719 SHaARE LIWRAZY AS AN Fe ¢,

TWIS SUARNUTINE CIWPUTES Twe [NVERSE aND DETER™INaANT OF
MATRIX As AF 0BNER A, HY THE GaUSS-UNRDAN “ETWOD. A-INVERSE
REPLACFS A. AND THE NETEaMINANT £F & 1€ PLACED [N DeTE#M. IF
M s ] TaF VECTNR B CONTAINS Twue CONSTANT VveCTOR wimkv MaTINV |8
CALLED, APN THIS S REPLACED wiTw Twe SOLUTION VECTIOR, IF w s o,
NO SIMULTANEOLS EALATINA SOLUTIONS ARE CALLED FORs «ND B 1S NOT

PERYINENT, N IS NOT 10 EYCEED &J,

As No o M. AND DETE@M [ The oRGUMENT LIST alE TUMSY VARTABLES.

INITLIALIZATION

DETERAMe1. 0

DO 2V Jsi,n

IPIvOT LYY e

DO 850 leg,N

SEARCH FCR PIVATY BLEWENTY
ANAYSO,

DO 105 Jey,N

IF (1PIVnTr Y1) Aus 10U, &0

DO 1400 Keg,N

IF (IPIVOT(MI=1) Qus 1.0, 74°
1F CABSFlAvAX)I-ABSRFLALJIN))) @&,
1h0wey

1COLUNeK

APAYSAL IR

CONT !INUE

CONT INUE

IPIVOTLICOL UMY IPIVOTC ICALUNY ¢4

194

114

INTEACKHANGs AOWS 10 PUT PIVOT ELemENT ON (1AGONAL

IF (IROuelrOLUM) 140, 28 , 140
DETEMNe-DEYEAN

00 200 L3, N

SUAPOALIPOV.L)
ACIROW,LInatICOL UM,
ACICOLUN,L YaBuAP

TYPEC7%7
TYPE" 758
1Yok 7259
TYPE 2640
TIPk 201
TYPE 1782
TYFR 1763
TYPRu704
TYPEN765
TYPRL20¢
TYPgE0787
TYPEy 208
TYPENTSY
TYPEr 720
TYPg:.721
TYPE:272
TYPE 773
TYRPk. 74
TYPE:;279%
TYPE 276
TYng:777
TYPE 770
TYPE0779
TYPE 280
TYPE. 781
TYPR . 702
TP 703
. ‘...'\ 7.‘
TYPE 785
*vpgu80
T s.287
TYoL 788
TYPR, 70V
TYPE~, 90
AL TR 2%
TYPEN 292
TYrgo 203
TPk, 794
TYPEnY9%
TYPE0 796
tYyrkor9?



2n% If(M) 265, 261, 21, TYyrEp798

71 DN 2%p Ley, TYPEn7909
220 SuAPeR(IRNOY, ) TYeg0000
239 B(.ROW,| InmcICOLUM,L) AL TITT
28; BLICOLUN,L ) uBuaP TYPEo0n2
267 INDEX(],1)alR0Ow TYPEn80d
27c INDEX{1,2)=1C0 U™ TPk o004
Ygn PIVOT(tIeAISOLUN, [COL UM TYPEolo?
Y2n DETENMeDETERMEPIYAT(]) 1Y980800

DIVIVE PIVAT ROw BY KTVCY ELFMENY 1Yok 0097
330 AcicOLuM, IrNLLM;, 8y, 1844 T1 T
t4n DO 390 Lo N TYPE80?
180 ACICOLUM,LIBALICOLUMN,L /P 0T () TYPEQd84 0
85 [Fim) 38, 3N, 34 TYPE 018
60 DO 37n (o1, M 1v08 012
2N BCLEOLUM,L 8B TCOLLN,L)/PTIVOTLT) TYrg013

REDUCE NONPIVNT RAOuS TYPE0014
%8 DO 590 Lime,N TvP§0019
9. IFCLL=1COLEMY 42,, 58, @ . Tve80016
4na TeAtlL1, 1601 uM) Tvegaly?
490 A(L1slCOLUNMYS ;) Tve80010
43" DO &% (ei,N 1vP§0819
48 ACLIoLIRAL) L) ICALUP, L)Y TvrgRad2¢
498 H ALY 8%, «s L ".‘o"‘
46’ DO 5.5 Lo ,m TvPgne02
Sn o WLLIOLIOBL) 1oL 1AICOLUN, L)Y TvPk 023
“8n CONTINUE 1vPln024

INTEHCHANGE COI UWNS 1vod 0089
ae: DO 710 let N tvP8o02¢
ALD LeNele] TvPlo82?
A0 IF CINDEN() . 1)INNEXELL2Y) Or, 71:, 03y tvel o028
A3* JROwSINDEX (L, V) tvelpl2o
ne - JCOL UNEINDEXEL , 2! Tve89030
08, DO 7.9 Re,N Tv0g031
Af.. SUAPSA(X, JA0N) 1v080032
A AR, JROWISAER, JCO M) 17080033
Tro AR, JONL UNYeSHAP TYPrg0034
7a% CONTINUE tvognglds
79 CONTINUE . 19030836
74" R T nN Tv908083?

T 1vPg,830

LT IS PRI R TvP8n039




